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Summary
Objective: To establish the validity of three self-report scales used to measure function following arthroplasty for osteoarthritis (OA) of the car-
pometacarpal joint.
Method: Persons with OA of the carpometacarpal joint (n¼ 122) were assessed on one occasion 9e117 months following tendon interposition
arthroplasty. They completed three self-report measures of hand/upper limb disability: the Australian/Canadian Osteoarthritis Hand Index
(AUSCAN), the Patient-Rated Wrist Hand Evaluation (PRWHE), and the Disabilities of Arm, Shoulder and Hand (DASH). They also completed
the Short Form 36 (SF-36) and performed tests of strength, range of motion (ROM), and dexterity. Factor analysis and correlations were used
to determine the association among the scales and subscales considered to measure similar constructs (e.g., pain and physical disability).
Correlations between the scales and measures of impairment were also conducted to examine construct validity of the disability measures.
t-Tests evaluated the hypotheses that subjects with isolated hand OA would have lower scores than those with additional joint involvement.
Results: All three scales or their subscales loaded on one factor. Convergent validity of the disability measures was demonstrated by high
correlations between similar subscales (r> 0.75), and divergent validity by a lack of correlation between the measures and self-report
hand appearance. As expected, correlations between disability and strength, dexterity, or a global measure of ROM were higher than with
ROM of individual joints. The AUSCAN and the DASH were better able to discriminate those with localized hand OA from those with involve-
ment of other joints.
Conclusions: The AUSCAN, PRWHE, and DASH are valid assessments of pain and/or disability of hand OA, and provide information distinct
from impairment measures.
ª 2006 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis (OA) is a cause of pain, stiffness, and disabil-
ity that has a broad impact on quality of life1. A study of
more than 10,000 patients with OA determined that 74%
of those with hand OA experienced difﬁculties with their
tasks of daily life2 suggesting that measures that focus on
this disability are needed.
A recent systematic review3 identiﬁed 18 measurement
tools that might potentially be used to evaluate hand
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Received 4 April 2006; revision accepted 29 October 2006.52disability resulting from OA. Only ﬁve instruments met inclu-
sion criteria: the disability index of the Stanford Health As-
sessment Questionnaire (HAQ)4, the Arthritis Impact
Measurement Scale (AIMS2)5, the Australian/Canadian Os-
teoarthritis Hand Index (AUSCAN)6,7, the Cochin Scale8,
and the Algofunctional Index (FIHOA)9,10. Considering con-
ceptual framework, reliability, validity, and administrative
burden, the AIMS2 and AUSCAN were rated slightly higher
than the remaining three scales. This review highlighted
that the psychometric properties of the scales had not
been tested sufﬁciently to make any deﬁnitive conclusions.
Since the noted systematic review, Angst et al.11 exam-
ined methodological properties of different scales as used
to evaluate the long-term follow-up of a resection interposi-
tion arthroplasty of the carpometacarpal (CMC) joint. The
self-reported Disabilities of Arm, Shoulder and Hand
(DASH), Short Form 36 (SF-36), and Patient-Rated Wrist
Hand Evaluation (PRWHE), and performance-based Hand
Functional Index (HFI) of the Kietel Function Test were
evaluated. The authors found that the self-report measures
of physical function loaded on one factor and accounted for4
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Form, and the mental component of the SF-36 loaded on
separate factors. Another study supported the validity of
the Norwegian version of the AUSCAN12. Most recently, Al-
len et al.13 supported the factor and criterion validity of the
AUSCAN in 700 patients with familial OA of both hands.
While the evidence around a number of scales is promising,
it is insufﬁcient to support a single measure, to identify the
relative discriminative vs evaluative properties, or to provide
the scope of comparative data needed for clinical decision-
making.
The purpose of this study was to examine the validity of
three self-report scales (disease-speciﬁc, wrist/hand-spe-
ciﬁc, and regional) for evaluating disability associated with
OA of the CMC joint of the hand managed by (tendon inter-
positional) arthroplasty.
Methods
STUDY DESIGN
This study was cross-sectional in design. Subjects who
had undergone CMC joint surgery for OA were evaluated
on one occasion. Physical assessments [grip strength,
pinch strength, dexterity, and range of motion (ROM)]
were performed, and the subjects completed the AUSCAN,
PRWHE, DASH, and SF-36.
PARTICIPANTS
Study participants included 121 patients who were
included in an outcomes study of tendon interposition
arthroplasty of the CMC joint of the thumb, and who had
returned for follow-up appointments. The surgical proce-
dure involved interposition of the ﬂexor carpi radialis ten-
don (either half or whole tendon) as a spacer following
removal of the trapezium. Subject characteristics are given
in Table I.
SELF-REPORT MEASURES
The AUSCAN6,7 is a 15-item scale which addresses pain,
stiffness, and functional disability in patients with OA of the
hand. It was developed using a clinimetric process similar to
that used by the same developer when designing the
WOMAC OA Index for measuring function in persons with
lower extremity arthritis14. Item responses are scored on
Table I
Subject characteristics
Mean (SD)
Age Years 65.4 (8.1)
Time since surgery Months 54.2 (23.1)
Frequency (%)
Gender Male 22 (18.3)
Female 98 (81.7)
OA involvement CMC only 15 (12.5)
CMCþ hand 12 (10.0)
CMCþ other 89 (74.2)
Data missing 4 (3.3)
Tendon interposition
arthroplasty technique
1⁄2 FCR 38 (31.7)
Full FCR 78 (65.0)
Both 4 (3.3)
FCR: Flexor carpi radialis.a 5-point Likert scale (0e4). The scores are computed as
the mean of items across the three subscales addressing
pain (ﬁve items), stiffness (one item), and function (eight
items). A higher score indicates greater pain, stiffness, or
disability.
The PRWHE15 is a 15-item scale that addresses pain and
disability related to wrist and hand disorders. It was origi-
nally validated in patients with distal radius or scaphoid frac-
tures and, subsequently, has been used to assess a variety
of wrist and hand conditions16e18. The score ranges from
0 to 100 points; 50 points are allocated to ﬁve pain items
and 50 points to 10 functional items. These functional items
include six speciﬁc activities that are known to be difﬁcult
with wrist and hand impairment and four items that ask pa-
tients to rate their ability compared to their usual activity in
four domains (personal care, household work, occupation,
and recreation). One supplemental question on appearance
of the affected hand is scored separately. All items are
scored 0e10 with 10 indicating poorer status.
The DASH19,20 is a 30-item questionnaire that was de-
signed to measure disability of the upper limb. The DASH
was developed as a joint effort between the Institute for
Work and Health in Canada and the American Association
of Orthopaedic Surgeons. It has been validated in a number
of upper extremity conditions. The majority of items (21) ad-
dress functional tasks, ﬁve relate to symptoms, and one
item is dedicated to each of the four remaining concepts:
social, work, sleep, and capability. The DASH is presented
as a uni-dimensional scale. A higher score indicates greater
disability.
The SF-36 is a 36-item scale that addresses general
health. Subscales measure Physical Function, Physical
Role, Bodily Pain, General Health, Vitality, Social Function,
Emotional Role, and Mental Health. These subscales can
be summarized into Physical and Mental Component Sum-
mary Scores. While a number of studies have demonstrated
that the SF-36 is less responsive than speciﬁc scales in
measuring upper extremity disability18,21, it has been shown
to be more responsive than other generic health instru-
ments in musculoskeletal disorders22. The SF-36 is com-
monly used to represent broad aspects of health in
questionnaire validation. A higher score represents better
health.
PHYSICAL IMPAIRMENT MEASURES
The NK Hand Assessment System was used to measure
ROM, grip, and pinch strength and dexterity. The device is
calibrated prior to each test and scores are stored and av-
eraged in NK software. Standardized test protocols23 for
grip and pinch (tripod and key) strength and dexterity
were followed as they have been found to be reliable and
Table II
Scores on self-report measures
Minimum Maximum Mean SD
AUSCAN pain (/4) 0 3.8 1.6 1.02
AUSCAN stiffness (/4) 0 4 1.4 1.14
AUSCAN function (/4) 0 3.8 1.8 1.08
PRWHE (/100) 0 92 41.5 28.33
DASH (/100) 0 90.8 36.7 24.03
SF-36 Mental Component
Summary
21.9 66.7 47.9 11.67
SF-36 Physical Component
Summary
12.0 61.5 34.6 11.38
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Fig. 1. The distribution of scores across different self-report measures. (Normal curve shown.) Note the SF-36 is a normed score.valid in other populations24e26. The dexterity test comprises
three subtests which examine the time taken to manipulate
small, medium, or large objects. ROM measurements were
taken with the NK electrogoniometer, and included: ﬂexion,
extension and radial and ulnar deviation of the wrist; exten-
sion and ﬂexion of the interphalangeal and metacarpal pha-
langeal joints of the thumb; and extension, abduction and
Table III
Factor analysis of the subscales of the self-report measures
Factors
Disability/pain Appearance
AUSCAN pain 0.904 0.079
AUSCAN stiffness 0.762 0.048
AUSCAN function 0.923 0.109
PRWHE pain 0.903 0.006
PRWHE function 0.906 0.084
PRWHE hand appearance 0.163 0.858
DASH 0.894 0.202
SF-36 Physical Component
Summary
0.395 0.597
SF-36 Mental Component
Summary
0.563 0.026
Variance explained by 2 factor solution¼ 70.5%. Rotation con-
verged in three iterations. Bold: Items loading on a single factor
>0.85. Italics: Loading at least 0.2> loading on any other factor.
Items are ordered according to original scales.opposition of the CMC joint of the thumb. A composite
hand mobility score (hand span) was determined as the lin-
ear distance from tip of thumb to tip of little ﬁnger when the
ﬁngers were spread fully.
The Lido dynamometer was used to measure isometric
strength of wrist ﬂexion and extension, and forearm prona-
tion and supination. For these tests, the subjects were sta-
bilized in sitting with the shoulder and wrist in neutral and
the elbow at 90. The reliability of these strength measures
has been established27,28.
ANALYSES
Means and standard deviations were calculated to exam-
ine the distributions of the scores of each of the disability
measures. Histograms were compared with normal distribu-
tions to further examine the spread of the scores. Factor
analysis (principal components extraction with varimax rota-
tion) was performed using the subscales of the self-report
measures as the items: AUSCAN (pain, stiffness, difﬁculty),
PRWHE (pain, function, usual activities, appearance), the
total score of the DASH (no subscales), and the component
summary scores of the SF-36. If the subscales are valid and
distinct, the pain items should load on one factor, the func-
tion items on another, and the Mental Component Score of
the SF-36 on yet another.
Pearson’s or Spearman’s correlations were used to ex-
amine the association between the self-report measures
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Correlation between subscales of upper extremity scales
AUSCAN
stiffness
AUSCAN
function
PRWHE
pain
PRWHE
speciﬁc
activities
PRWHE
usual
activity
PRWHE
total
DASH Hand
appearance
AUSCAN pain 0.74** 0.81** 0.86** 0.78** 0.66** 0.85** 0.77** 0.05
AUSCAN stiffness 0.64** 0.66** 0.63** 0.49** 0.66** 0.59** 0.04
AUSCAN function 0.80** 0.88** 0.73** 0.86** 0.87** 0.07
PRWHE pain 0.84** 0.70** 0.96** 0.75** 0.05
PRWHE speciﬁc
activities
0.81** 0.95** 0.82** 0.09
PRWHE usual
activity
0.85** 0.73** 0.07
PRWHE total 0.82** 0.09
DASH 0.03
**Correlation is signiﬁcant at the 0.01 level (2-tailed). Bold: Hypothesized to be the strongest correlations. Italics: Correlations expected to be
non-signiﬁcant.and between them and the other measures. The following
hypotheses were tested.
(1) Scales measuring the same construct (pain or func-
tional disability) should show high correlations (i.e.,
convergent validity indicated by r> 0.75).
(2) Pain and function subscales should be moderately
correlated (0.40e0.75).
(3) The correlations of each of the self-report measures
of function with the SF-36 subscales should be less
than the correlations between the functional
measures.
(4) The self-report measures of upper extremity disability
should be more highly correlated with the Physical
Component Summary Score of the SF-36 than with
the Mental Component Summary Score.
(5) The self-report measures will be correlated with
strength and dexterity, to a lesser extent with ROM,
and not at all with hand appearance.
A t-test was used to determine if each of the three self-
report measures of disability could differentiate subjects
with OA limited to the hand as compared to those with in-
volvement of other joints.
Results
The descriptive statistics for the functional scales are
listed in Table II and illustrated in Fig. 1. The SF-36 Phys-
ical Component Summary Score (a normed score) most
closely followed a normal distribution. The upper extremity
disability scales exhibited score distributions across the full
spectrum of possible values. Fewer respondents had high
scores on the DASH compared to the AUSCAN orPRWHE. When converted to scores out of 100 the
AUSCAN function subscale had a mean of 45, the
PRHWE 41, and the DASH 37.
Factor analysis of the DASH score and the subscales of
the PRWHE, the AUSCAN and the SF-36 revealed two fac-
tors: (1) pain/disability and (2) appearance (Table III). All up-
per extremity scales/subscales loaded highly on the ﬁrst
factor. Surprisingly, the SF-36 Physical Component Sum-
mary loaded moderately on the appearance factor.
The highest correlations were observed between similar
subscales of the upper extremity scales, i.e., pain sub-
scales of AUSCAN and PRWHE and functional subscales
across all three instruments (Table IV). The relationships
between pain and function were higher than anticipated
(r¼ 0.78e0.83). However, the results were consistent with
the high loadings of both pain and function subscales on
one factor. The component summary scores of the SF-36
were correlated with the AUSCAN, PRWHE, and DASH.
These correlations were low to moderate as expected for
all functional scales (Table V).
The correlations of the functional measures with strength
and dexterity were similar and signiﬁcant across all
scales and subscales, ranging from r¼0.23 to 0.47 for
strength and r¼ 0.27e0.48 for dexterity. The majority of
ROM measures were not signiﬁcantly correlated with any
of the self-report scores. Only wrist ﬂexion and hand span
consistently demonstrated signiﬁcant correlations with self-
report function (r¼0.20 to 0.27 and 0.22 to 0.36,
respectively). As hypothesized, appearance was not corre-
lated with pain or function (r< 0.05). Correlations of each
of the self-report scales with the individual impairment
measures are available in Table VII.
As hypothesized, subjects with only hand OA had signif-
icantly better AUSCAN and DASH scores than those withTable V
Correlations of the SF-36 component summary scores with AUSCAN, PRWHE, and DASH scores
SF-36
subscale
AUSCAN
pain
AUSCAN
stiffness
AUSCAN
function
PRWHE
pain
PRWHE
function
PRWHE
total
DASH
Physical
Component
Summary
0.32 0.28 0.40 0.28** 0.39 0.35 0.49
Mental
Component
Summary
0.42 0.28 0.48 0.42 0.44 0.45 0.49
All correlations signiﬁcant at the 0.01 level (2-tailed).
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PRWHE followed a similar pattern, the differences be-
tween the two groups were not signiﬁcant. As it was pos-
sible that the DASH was more discriminating because it
was able to detect disability beyond the hand, the t-tests
were repeated on those subjects with only hand involve-
ment. Although the sample sizes were small (15 and
12), the DASH and the AUSCAN were able to detect dif-
ferences between those with CMC OA from those with in-
volvement of other joints of the hand as well. The PRWHE
Table VI
Differences in self-report scores for subjects with local vs diffuse
OA
Scale Group Mean SD
AUSCAN pain* (/4) OA hand 1.2 0.98
OA handþ other 1.7 1.00
AUSCAN stiffness* (/4) OA hand 1.0 0.98
OA handþ other 1.6 1.17
AUSCAN function* (/4) OA hand 1.3 1.09
OA handþ other 2.0 1.04
PRWHE pain (/50) OA hand 18.8 15.52
OA handþ other 23.7 14.94
PRWHE speciﬁc
activity (/60)
OA hand 18.0 18.09
OA handþ other 23.4 18.16
PRWHE usual
activity (/40)
OA hand 12.0 11.20
OA handþ other 15.6 12.68
PRWHE total (/100) OA hand 33.8 27.80
OA handþ other 43.2 28.32
DASH* (/100) OA hand 23.2 23.62
OA handþ other 40.3 23.22
*Statistically signiﬁcant difference (P< 0.05) between groups.could not, although the pain subscale approached signiﬁ-
cance (P¼ 0.08).
Discussion
This study provides evidence that the AUSCAN,
PRWHE, and DASH all evaluate similar construct(s) in per-
sons who have undergone surgery for OA of the CMC joint.
The similarity between self-report instruments was useful
for validation. The pain subscales and the functional
subscales were highly correlated, and both types of scales
loaded on one factor. In addition, they all correlated in a sim-
ilar manner with measures of impairment, and with the
SF-36, a General Health measure. However, the AUSCAN
and DASH demonstrated better discriminative ability than
the PRWHE in this population.
The distribution of DASH scores observed in this study
was similar to that found for other subjects with wrist and
hand problems. Beaton et al.19 reported a mean and SD
of 34.2 23.7 in persons awaiting treatment for carpal tun-
nel syndrome or tendon disorders of the wrist and hand.
A variety of content and practical issues can contribute to
outcome measure selection. For example, the DASH is an
excellent instrument that has been used to measure func-
tion of the upper extremity in a broad spectrum of disorders.
In patients with arthritis, involvement of multiple joints is
likely to contribute to the total disablement reported on the
DASH. Therefore, the DASH might be a better choice for
subjects with general arm disability. However, in both this
study, and others11, there was little difference in the corre-
lations of hand impairment measures with the DASH com-
pared with correlations with the two hand-speciﬁc scales.Table VII
Correlation between self-report function and measured impairments
AUSCAN
pain
AUSCAN
stiffness
AUSCAN
function
PRWHE
pain
PRWHE
speciﬁc
activities
PRWHE
usual
activity
PRWHE
total
DASH
Strength
Grip 0.32** 0.27** 0.43** 0.39** 0.46** 0.41** 0.45** 0.43**
Tripod pinch 0.36** 0.31** 0.46** 0.39** 0.47** 0.40** 0.45** 0.44**
Key pinch 0.23* 0.22* 0.41** 0.32** 0.36** 0.30** 0.36** 0.40**
Wrist ﬂexion 0.34** 0.22* 0.45** 0.37** 0.37** 0.31* 0.39** 0.44**
Wrist extension 0.34** 0.25* 0.37** 0.38** 0.36** 0.32** 0.39** 0.37**
Dexterity
NK small objects 0.30** 0.32** 0.31** 0.28** 0.35** 0.30** 0.32** 0.30**
NK medium objects 0.27** 0.22* 0.43** 0.30** 0.44** 0.38** 0.39** 0.48**
NK large objects 0.36** 0.29** 0.41** 0.37** 0.47** 0.42** 0.44** 0.48**
ROM
Wrist ﬂexion 0.25** 0.27** 0.24* 0.24** 0.24* 0.20* 0.26** 0.23*
Wrist extension 0.12 0.12 0.07 0.02 0.08 0.06 0.05 0.07
Radial deviation 0.11 0.21* 0.10 0.17 0.12 0.09 0.15 0.12
Ulnar deviation 0.24* 0.29** 0.20* 0.22* 0.21* 0.16 0.23* 0.12
Pronation 0.04 0.06 0.05 0.07 0.02 0.03 0.05 0.03
Supination 0.09 0.06 0.02 0.07 0.05 0.05 0.00 0.01
Thumb IP ﬂexion 0.06 0.02 0.03 0.01 0.06 0.08 0.03 0.08
Thumb MCP ﬂexion 0.04 0.13 0.00 0.04 0.02 0.00 0.03 0.05
Thumb IP extension 0.07 0.14 0.03 0.15 0.08 0.08 0.12 0.06
Thumb MCP
extension
0.07 0.05 0.001 0.05 0.14 0.16 0.10 0.02
Thumb CMC
extension
0.14 0.24* 0.13 0.10 0.12 0.10 0.12 0.11
Thumb abduction 0.03 0.09 0.02 0.01 0.02 0.06 0.01 0.03
Thumb opposition 0.02 0.01 0.04 0.05 0.16 0.18* 0.11 0.10
Hand span 0.25** 0.22* 0.27** 0.28** 0.36** 0.36* 0.34** 0.25**
**Correlation is signiﬁcant at the 0.01 level (2-tailed). *Correlation is signiﬁcant at the 0.05 level (2-tailed).
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ments is not clear, an inherent structural difference is the
existence of a separate pain scale on the AUSCAN and
PRWHE, but not the DASH. This may be an important
consideration for studies of hand OA where it may be im-
portant to separate out the effects of pain. Another consid-
eration in selecting a scale is the availability of comparative
data. In general, the AUSCAN has been more widely used
in studies of OA, the PRWHE for hand surgery/rehabilita-
tion, and the DASH in general orthopedics/upper extremity
surgery.
The discriminating ability of the AUSCAN and DASH
was better than that of the PRWHE in this study. With
the DASH, this better discrimination could be due to items
measuring disability caused by impairments at other joints.
However, the AUSCAN was developed speciﬁcally for the
hand and it was able to discriminate the two groups of
subjects (with and without involvement of joints other
than the hand). Moreover, both the DASH and the
PRWHE have questions on roles/participation (e.g.,
household chores, recreation) that could be affected by
a variety of impairments. Additional research should be
conducted to compare discriminate ability of the measures
with severity of OA of the hand, and to determine their
ability to detect change (improvement and deterioration).
Responsiveness is of relevance as many clinical or re-
search applications are more focused on evaluating
change over time rather than in discriminating between
subgroups. This is a distinct psychometric property that
can be evaluated by head-to-head comparison in longitudi-
nal studies.
In agreement with other studies we noted a low to moder-
ate relationship between isolated physical impairments and
overall function. We found that strength and dexterity were
more related to self-reported function than was ROM. A
composite ROM measure of hand mobility (hand span)
was related to function, whereas isolated thumb measures
were not. Given the complexity of measuring multiple joints
in the thumb and digits, standardized composite measures
such as tip to distal palmar crease, hand span and compos-
ite extension lag might be useful for expressing hand/thumb
mobility in future clinical outcome studies.
Although this study provided further evidence for the val-
idity of three outcome measures that can be used to assess
patients with hand OA, it is limited by the cross-sectional
design and sample size. A longitudinal study is required
to examine testeretest reliability, response to change, and
longitudinal and predictive validity.
It is important that instruments be evaluated across
a spectrum of pathologies and applications to provide rich
data on the psychometric properties of the scales. Data
from this study and subsequent studies are needed to con-
duct a deﬁnitive systematic review that would delineate the
properties of outcome scales in assessment of hand disabil-
ity attributed to OA.
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